1. Background {#s0005}
=============

Social cognition (SC) is a psychological construct that refers to a collection of mental operations that underlie social interactions. SC includes the processes involved in the perception, interpretation and generation of responses when faced with the intentions, dispositions and behavior of others ([@bb0125], [@bb0210]).

SC includes emotion perception, both in people's faces and voices ([@bb0155], [@bb0305]); social perception ([@bb0075], [@bb0225]) i.e., the interpretation of clues about what happens in a certain social context and the application of this social understanding to develop more appropriate behavior; theory of mind (ToM) ([@bb0040], [@bb0290]), which is defined as the ability to be aware that others have different ideas and intentions than ours; and attributive style (AS), which refers to people's tendency to explain events that have occurred in their life and that sometimes leads them to consider the negative events as caused by the misconduct of others ([@bb0125], [@bb0130], [@bb0175], [@bb0190]). In recent years, this topic has been the subject of intense study, revealing disorders in emotion perception, ToM, AS and social perception in patients with schizophrenia ([@bb0050], [@bb0160], [@bb0170], [@bb0295]). The study of these deficits and of strategies for improving them is important because SC appears to have a greater repercussion on social function than neurocognition itself ([@bb0025], [@bb0035], [@bb0125]) and is considered to be a mediator between neurocognition and functional performance ([@bb0045], [@bb0215], [@bb0230]). SC rehabilitation has been made possible by various therapeutic models ([@bb0010], [@bb0005]). These rehabilitation models initially focused on the construct's specific subdomains ([@bb0060], [@bb0110], [@bb0150], [@bb0205], [@bb0250], [@bb0265], [@bb0280], [@bb0300]). More ambitious models subsequently emerged that included all components of SC ([@bb0140], [@bb0245], [@bb0260]). However, all of these models required a significant number of sessions (between 12 and 45), were typically applied in a group setting and required specific training by the therapists, factors that hindered their application in the clinical setting ([@bb0255]). With this objective in mind, we designed an online rehabilitation program for SC, limited to just 12 sessions (the minimum number of face-to-face sessions reported in previous studies.)

Computerized training, conversely, allows for their application with minimal supervision, which enables access by the entire target population and produces clear financial savings ([@bb0310]).

Computer-based programs can be classified into three groups:(1)Slide-based tutorials oriented toward group treatment, focused on a single domain such as Metacognitive Training ([@bb0015]) or with a more comprehensive aim, such as the Social Cognition Training Program (PECS) ([@bb0115], [@bb0120]).(2)Programs devoted to improving emotion recognition, such as MRIGE (Mind Reading: An Interactive Guide to Emotions) ([@bb0180]) or METT (Micro-Expression Training Tool) ([@bb0285]).(3)A heterogeneous group of recently developed programs including Neuropersonal Trainer-Mental Health (TNP-SM) ([@bb0105]), a cognitive rehabilitation program focused on attention, memory and executive functions including a module on social cognition; Soskitrain ([@bb0275]), a virtual reality program for social skills training; R2CS ([@bb9000]) a French program on which has been published a description of the technology and Social Ville ([@bb0195], [@bb0270]), an online rehabilitation program focused on speeding processing, on which preliminary results have been published.

However, apart from improvements in emotion recognition, to date none of these strategies has demonstrated robust improvements in ToM or AS, and with the exception of Social Ville none is intended for self-training.

e-Motional Training® (ET®) allows online self-training and stores the data of each individual session. ET® is designed following the basic principles of neuropsychological rehabilitation in this domain ([@bb0030], [@bb0200], [@bb0335]). The program aims to deliver realistic and natural but attractive exercises of short duration without irrelevant stimuli or distractions, while offering continuous feedback. Emotion recognition tasks are designed with increasing difficulty, starting with tutorials, following with eyes and mouths recognition and finally scaling to microexpression training. An animated short film with 33 scenes is the vehicle for ToM, social perception and attributional style stories. After each scene, a series of questions including ToM, AS and control questions are posed. When the answer is incorrect, the patient receives metacognitive suggestions, which lead the user to think about the situation from a different perspective or prompts the user to pay attention to specific aspects of the film.

The program was composed of 12 1-hour sessions (the minimum number of face-to-face sessions reported in previous studies).

In this study, we present the feasibility and applicability results of our SC rehabilitation program: e-Motional Training*®* (ET®).

1.1. Objective {#s0010}
--------------

To assess the applicability and to explore the efficacy of a new online training program on SC in patients with chronic schizophrenia: e-Motional Training®.

Based on the characteristics of our program and the previous literature, we hypothesized that ET® would improve the three assessed SC domains (emotional recognition, ToM, EA) in the patients with schizophrenia but would not change the patients' symptoms (PANSS).

2. Methodology {#s0015}
==============

A pilot, pre/post intervention study on patients with chronic schizophrenia was performed. The patients were recruited at 3 centers: The University Hospital of Ourense (CHUO), the Association of Persons and Families with Mental Illness of Ourense (MOREA) and the Ceboliño Community Residence (Ourense).

Inclusion criteria: We included patients who voluntarily agreed to participate in the study, aged 18--50 years with a diagnosis of schizophrenia (DSM-IV TR), who were clinically stable (no acute psychotic symptoms and not hospitalized during the last three months), and who had no comorbidity with other psychiatric or neurological diseases (International Neuropsychiatric Interview-MINI) and excluding current substance abuse (except nicotine).

2.1. Description of the intervention {#s0020}
------------------------------------

The control group received standard treatment (TAU) (occupational therapy and leisure group).

The intervention group received TAU plus 12 sessions (1 hour per week) with ET® (including training modules on emotional perception and a short animated cartoon for ToM and AS training, including automatic metacognitive feedback). Some 30% of the participants participated in the intervention from their homes, visiting the center only for the assessments and for the first session of the intervention. The rest of the participants (70%) performed the intervention at the healthcare center under direct supervision. All participants in the intervention group (regardless of mode: clinical or online) completed the same number of sessions.

To start the intervention, the patient accessed the website [www.e-motionaltraining.com](http://www.e-motionaltraining.com){#ir0010} and registered with a username and password.

The first 4 meetings (1 h each session) are dedicated to recognizing facial emotions. This section includes a pre and post test, tutorials, and scaling minigames starting with eyes and mouths and finally microexpression (\< 250 ms) training ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Training module on emotions.

The next 8 sessions (1 h each) include watching a short, interactive animated cartoon in which a couple invites their friends to their home for a party. As the story unfolds, instances of miscommunication occur among the actors, causing various emotions and mental conditions such as anger, affection, appreciation and jealousy. After each scene, the user is queried about what happened, with questions about ToM (interpreting irony, insinuations, faux pas, 2nd-order false beliefs, etc.), social perception (interpretation and analysis of the social situation through the visual content of each scene) and attributive style (the individuals' attributions to the events, and questions such as, "What kind of thinking would result in Cristina getting better results in this situation?"), as well as control questions. The game provides user feedback and, in the event of errors, can display a hyperlink with information and metacognitive strategies, whose objective is to help users understand the scene that they just watched ([Fig. 2](#f0010){ref-type="fig"}).Fig. 2Training module on ToM and AS.

In our study, the researcher (MVC) monitored the patients' performance and resolved the initial questions regarding computer and software use, but did not provide any assistance with the training tasks.

Apart from offering immediate feedback and a progress summary, e-Motional Training® stores the results of each session individually in a database with access restricted to the therapist or researcher.

2.2. Instruments {#s0025}
----------------

The post training assessment was performed during the month following the end of treatment at patients' convenience, using the following battery of tests[1](#fn0005){ref-type="fn"}:(a)Ekman 60 Faces Test *(r = 0.62; v = 0.81)* ([@bb0090]): a computer test based on the facial recognition of emotional expressions. The test contains 60 photographs of faces with expressions of the 6 basic emotions: anger, disgust, sadness, fear, surprise and happiness.(b)Hinting Task *(r = 2.5 ± 0.53; v = 6.60 ± 0.84)* ([@bb0070]) (Spanish version of [@bb0080]): the individual must identify what the story character really meant to say.(c)Recognition of Faux Pas *(r = 7.00 ± 2.16; v = 3.73 ± 1.42)* ([@bb0020]): the participant must identify the embarrassing situations or gaffes.(d)Strange Stories of Happé (Spanish version of [@bb0240]): the participant must understand the emotions, intentions and thoughts of the characters in the various stories.(e)Ambiguous Intentions Hostility Questionnaire (AIHQ) *(r = 6.27 ± 1.27; v = 2.73 ± 1.19)* ([@bb0065]): *which explores the attributional cognitive biases (hostility, intent, guilt, anger and aggressiveness) in 3 types of situations: ambiguous (AIHQ-AM), intentional (AIHQ-INT) and accidental (AIHQ-AC).*(f)Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) *(r = 0.95; v = 0.83)* (Spanish version of [@bb0095]): an emotional intelligence test recommended by the MATRICS initiative (Measurement and Treatment Research to Improve Cognition in Schizophrenia). The MSCEIT provides one total score and four branch scores (Perceiving Emotions, Facilitating Thought, Understanding Emotions, Managing Emotions).(g)Positive and Negative Symptom Scale (PANSS) ([@bb0145]): assesses positive and negative symptom severity.(h)The Wechsler Adult Intelligence Scale ([@bb0315]): includes a total intelligence score (IQ), verbal comprehension index (VCI), working memory index (WMI), perceptual information index (POI) and processing speed index (PSI).(i)Semistructured, self-designed interview and direct observation of the participants to assess their tolerability and opinion of the intervention, as well as potential difficulties related to the intervention.

MVC was responsible for pre and post testing.

3. Statistical analysis {#s0030}
=======================

A descriptive analysis was first performed. The qualitative variables are presented with their absolute frequency and percentage. The quantitative Gaussian variables are presented as mean and standard deviation, and the non-Gaussian variable is presented as median \[minimum--maximum\]. To compare 2 qualitative variables we used the chi-squared test.

To compare the quantitative variables, we used Student's t-test for independent samples and for paired samples (in Gaussian variables) and U--Mann Whitney, Wilcoxon (in non-Gaussian). The accepted α risk was 0.05. The data were analyzed using SPSS 15.0 software.

4. Results {#s0035}
==========

A total of 31 participants were recruited during a 6-month period, 22 of whom met the selection criteria. Twelve participants were included in the intervention group, and 9 were included in the control group. There were two patients lost to follow-up in the intervention group (both occurred before the ET training), one was a relapse and the other committed suicide ([Fig. 3](#f0015){ref-type="fig"}).Fig. 3Flowchart.

All patients provided informed consent (both verbal and written) to participate in this study.

All variables followed a normal distribution, except for happiness in Ekman's 60 faces, due to ceiling effects.

There were no significant differences in the demographic and clinical characteristics between the 2 groups. At baseline, there were statistically significant differences in the total results from Faux Pas (p = 0.044), thus the control group demonstrated poorer performance.

At the start of the study, the participants were a mean age of 39.47 (± 9.10) years. [Table 1](#t0005){ref-type="table"} shows the characteristics and demographic variables of the 2 groups.Table 1Participant characteristics.Control GroupIntervention GrouppMean age years (SD)41.78 (9.39)37.40 (8.79)0.31SexMale, n570.51Female, n43Education levelPrimary, n430.38Secondary, n47Tertiary, n10OccupationUnemployed, n120.46Retired, n86Employed, n01Student, n01Marital statusSingle, n890.93Married, n00Separated, n11Widowed/Other, n00Computer skillsNone, n230.46User, n64Expert, n13Mean age at diagnosis (SD)24.56 (10)23.40 (7.24)0.78Mean treatment, mg of chlorpromazine (SD)380.56 (101.37)463.80 (105.92)0.10Hospital admissions, n (SD)0.78 (1.09)1.1 (0.99)0.51WAIS-Total68.68 (10.95)77.50 (13.89)0.18WAIS-VC80.33 (18.46)86.30 (12.79)0.40WAIS-PR71.44 (17.40)76.10 (16.51)0.44WAIS-WM74.67 (11.03)83.10 (14.07)0.09WAIS-PS73.33 (5.87)82.60 (13.42)0.09[^1]

The enrolled patients were diagnosed with schizophrenia at the age of approximately 24 (± 8.42) years, were taking a dosage equivalent to 424 mg of chlorpromazine per day and had been hospitalized once due to exacerbations of their psychiatric disease ([Table 1](#t0005){ref-type="table"}).

4.1. Feasibility {#s0040}
----------------

Except for the 2 patients lost to follow-up before starting the intervention, all participants in the intervention group completed the training at the scheduled meetings. Ninety percent of the participants stated that they found the game to be easy, and all declared that ET was entertaining and amusing, suggesting their interest in performing similar computer activities in the future. Some 70% found the program useful for improving their social relations and 30% found it very useful. Regarding online self-treatment, 57% of patients trained at the health facility stated their willingness to play it at home. Some 90.9% of the patients expressed their interest in participating in similar online interventions.

4.2. Emotion recognition {#s0045}
------------------------

At baseline, both groups had difficulties with fear, sadness and anger whereas normal results were obtained for happiness and surprise ([Table 2](#t0010){ref-type="table"}). One month after the intervention, the intervention group showed a statistically significant improvement in total perception scores, with greater improvements in the emotions more affected at baseline. The control group showed a significant decline in total perception scoring.Table 2Scores pre and post intervention.Control GroupIntervention GroupPre Mean (SD)Post Mean (SD)p[⁎](#tf0005){ref-type="table-fn"}Pre Mean (SD)Post Mean (SD)p[⁎](#tf0005){ref-type="table-fn"}Ekman Total38.44 (7.40)35.78 (7.53)0 .025[⁎⁎](#tf0010){ref-type="table-fn"}44 (4.47)55.60 (2.17)\< 0 .001[⁎⁎](#tf0010){ref-type="table-fn"}Happiness +10\[6--10\]9 .92\[6--10\]0 .99910\[9--10\]10\[9--10\]0 .317Surprise7.56 (2.60)7 (2.92)0 .1398.30 (1.16)9.70 (0.48)0 .007[⁎⁎](#tf0010){ref-type="table-fn"}Fear4.22 (2.68)3.44 (2.70)0 .1335.90 (2.33)8.60 (1.77)0 .002[⁎⁎](#tf0010){ref-type="table-fn"}Sadness5.89 (2.03)5.11 (2.26)0 .1335.30 (1.56)9 (0.94)0 .001[⁎⁎](#tf0010){ref-type="table-fn"}Disgust6 (2.92)6 (2.29)0 .9997.80 (2.15)9.80 (0.42)0 .010[⁎⁎](#tf0010){ref-type="table-fn"}Anger5 (2.69)4.11 (2.42)0 .0695.90 (1.52)1.160 .001[⁎⁎](#tf0010){ref-type="table-fn"}[^2][^3]

4.3. ToM {#s0050}
--------

Baseline scores on the Faux Pas test were under the standard cutoff point of 54 out of 60 points. After training, the intervention group showed a significant improvement in Faux Pas detection question scores (p \< 0.001)

Baseline scores on Happé's Strange Stories were under the standard cutoff point of 14 out of 16. After training, the intervention group showed a statistically significant improvement (p = 0.01), and there were no changes were in the control group.

Baseline scores on the Hinting Task test revealed a deficit in this area, with a score of 14.56 for the control group and 12.70 for the intervention group, respectively (maximum score is 20 points). Patients in the intervention group showed a significant improvement in comparison with the control group (p = 0.006).

Regarding attributive style, we used the Ambiguous Intent Attribution Questionnaire (AIHQ), which explores the attributional cognitive biases (hostility, intent, guilt, anger and aggressiveness) in 3 types of situations: ambiguous (AIHQ-AM), intentional (AIHQ-INT) and accidental (AIHQ-AC). Both groups showed improved performance in the total AIHQ scores after completing the study ([Table 3](#t0015){ref-type="table"}). These differences were more pronounced in the intervention group, with a significant improvement in the answers for ambiguous (p = 0.002) and intentional (p = 0.031) situations.Table 3Scores pre and post intervention.Control GroupIntervention GroupPre Mean (SD)Post Mean (SD)p[⁎](#tf0015){ref-type="table-fn"}Pre Mean (SD)Post Mean (SD)p[⁎](#tf0015){ref-type="table-fn"}Happé6.67 (4.27)6.89 (4.31)0.5128.20 (3.58)11.20 (4.68)0.010[⁎⁎](#tf0020){ref-type="table-fn"}Faux Pas18.78 (12.89)20.56 (15.33)0.35331.40 (12.43)38.30 (19.20)0.131 Detect. FP3.67 (2.39)3.67 (2.59)0.9995.90 (2.37)8 (2.98)\< 0.001[⁎⁎](#tf0020){ref-type="table-fn"}Hinting14.56 (3.28)14.56 (3.94)0.99912.70 (4.45)16.90 (4.82)0.006[⁎⁎](#tf0020){ref-type="table-fn"}AIAQ-T172.56 (21.11)166.22 (20.56)0.076178.40 (54.98)167.40 (51.01)0.131 AIAQ-AM62.56 (7.76)62.89 (7.97)0.81469.20 (25.34)61 (22.70)0.002[⁎⁎](#tf0020){ref-type="table-fn"} AIAQ-INT65.78 (10.47)65 (8.60)0.62274.80 (19.60)72.70 (21.25)0.031[⁎⁎](#tf0020){ref-type="table-fn"} AIAQ-AC44.22 (10.95)40.44 (12.46)0.06244.50 (15.75)41.30 (13.50)0.064MSCEIT86.56 (13.50)82.78 (9.06)0.12496.10 (14.36)95.60 (10.45)0.763PANSS-T26.11 (6.27)26 (6.44)0.72936.40 (14.54)29.80 (9.88)0.012[⁎⁎](#tf0020){ref-type="table-fn"} PANSS-P11.89 (4.34)11.78 (4.23)0.34717.30 (7.18)16.40 (7.60)0.753 PANSS-N14.22 (3.66)14.22 (3.76)0.99919.80 (8.67)14.40 (6.72)0.098[^4][^5]

The patients included in the study (control and intervention groups) showed responses at baseline within the normal range in emotional intelligence as measured with the MSCEIT. There were no improvements in MSCEIT scores after the intervention or TAU.

No differences were found between the participants in the intervention group who performed the intervention from their homes and those who were directly supervised at healthcare facilities.

Finally, there were statistically significant improvements in the PANSS scores in the intervention group ([Table 3](#t0015){ref-type="table"}).

5. Discussion {#s0055}
=============

The results of this pilot study suggest that ET® is an attractive intervention, with a wide age range, and it is feasible and reliable for use, even if the user has no previous experience with information technology.

Following the intervention with ET®, the difficulties in recognizing facial emotions were reduced, with patients achieving scores within the normal range and similar to those of the general population ([@bb0085], [@bb0330]). These results are consistent with those achieved by similar strategies for rehabilitating emotional perception, such as the strategy performed with METT ([@bb0285]) or NPT-SM ([@bb0105]). After a single training session for identifying microexpressions, these researchers found an improvement in emotional recognition, results that are similar to those of a study performed with Emotion Management Therapy (EMT) ([@bb0135]). A pilot study was conducted with Training of Affect Recognition (TAR) ([@bb0110]) a program that includes training on differentiating the 6 basic emotions, as well as training for integrating facial expressions into overall processing. The study results were not statistically significant, but subsequent results of clinical trials with TAR showed improvements in terms of emotion recognition skills ([@bb0320]) and a certain generalization on other measures of social cognition, including ToM ([@bb0325]).

After training with ET®, the patients with chronic schizophrenia had a statistically significant improvement in emotional perception, detection of gaffes (Faux Pas) and other ToM scales (Hinting Task and Happé tests). However, their final scores did not reach the performance ranges of the general population. A number of studies conducted with the Social Cognition and Interaction Training (SCIT) group intervention ([@bb0165], [@bb0220]) and with Metacognitive and Social Cognition Training ([@bb0260]) have also demonstrated improved emotional perception and ToM. However, with regard to the latter, other studies performed with SCIT had conflicting results ([@bb0245]).

We found differences in our pilot study regarding attributive style between the groups. The vast majority of published studies using SCIT ([@bb0165], [@bb0220]), Emotion and ToM Imitation Training ([@bb0185]), Social Cognitive Skills Training (SCST) ([@bb0140]) and Metacognitive and Social Cognition Training ([@bb0260]), found no differences in this variable. Only one study, using SCIT ([@bb0055]), showed a reduction in hostile attributions toward others, with a medium to large effect size.

Our study found no differences regarding emotional intelligence (as assessed with MSCEIT) following the intervention; this was also the case in other studies ([@bb0180], [@bb0195], [@bb0260]). Additionally, the patients had baseline scores close to or within the normal range, which contradicts the data from the other SC scales and their own clinical impression. These facts prompt us to doubt on the validity of MSCEIT for the assessment of schizophrenia patients.

Finally, our results showed a significant improvement in PANSS scores, which can be attributed to an amelioration of negative symptoms. It can be argued that PANSS improvement is on the basis of the SC reported changes, but despite its occurrence, this association was not reported in previous studies ([@bb0150], [@bb0275]), or in a meta-analysis of 19 clinical trials that assessed the efficacy of various SC interventions ([@bb0160]).

ET® was feasible and well accepted, allowing individual self-training and online follow-up, favoring accessibility and autonomy. Moreover, we have shown improvements in all the subdomains of SC except for social perception (which was not assessed).

5.1. Limitations of the study {#s0060}
-----------------------------

The study was not randomized. The patients were assigned to the various treatments as convenient in a consecutive manner. The first 12 patients were assigned to the intervention group and the remainder to the control group. Due to the study's exploratory nature, we did not add assessments that measured generalization, using scales that assessed functionality, but perhaps this fact might have provided relevant information. The patient assessments were not blinded, and a number of these tests have no objective scoring methods.
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The reliability (r) and validity (v) values for the AIHQ, Faux Pas and Hinting Task scales are expressed as mean and standard deviation (on a scale from 1 to 9, according to expert consensus), and the other measures are expressed according to the corresponding coefficient. The Happe test, despite being one of the classical tasks in assessing ToM, has no data on r or v.

[^1]: VC: Verbal Comprehension. PR: Perceptual Reasoning. WM: Working Memory. PS: Processing Speed.

[^2]: p-value: Paired samples t-test. +: Median \[min--max\] and p-value: Wilcoxon test.

[^3]: p \< 0.05 = statistical significance.

[^4]: p-value: Paired samples t-test.

[^5]: p \< 0.05 = statistical significance.
